This paper examines how the rules of the IMF and their implementation affect the voting power of its member countries and its capacity to make decisions, and makes recommendations for changes.
2. How does the size of the majority requirement employed affect the voting powers of the main contributors and the effectiveness of the IMF in being able to make decisions by majority voting?
3. How should the votes be weighted to give each country a given share of the power to influence decisions in general?
The findings, using the voting weights for 1999, are that:
(1) Countries' voting powers over ordinary decisions are much more unequal than their financial contributions; the power of the USA is much greater than its nominal 17% of the votes.
(2) The effect of the special 85% majority requirement for major decisions is to severely limit the effectiveness of the decision-making system.
(3) The use of the 85% majority requirement is counterproductive to the US pursuing an active role in the IMF by limiting its power to have its policies accepted.
(4) The IMF should make all decisions by simple majority and scrap special majorities. That would make its democratic decision making system most effective.
(5) The United States should support the use of simple majorities for all decisions if it wishes to increase its influence within a democratic IMF.
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VOTING POWER IN THE GOVERNANCE OF THE IMF
The system of governance of the IMF is of considerable interest as a research topic not only because of the crucial importance of international financial organisations to the management of the world economy in an era of increasing globalisation. Current discussions surrounding the reform of the architecture of the international economic institutions give it unprecedented topical relevance. The IMF is also a worthwhile subject of research from the general point of view of the design of voting systems because it is one of a number of international organisations that operate on the basis of the weighted voting power of their members (the World Bank, the European Union Council of Ministers and regional development banks are some of the others; in contrast, for example to the United Nations
General Assembly or the World Trade Organisation which use one-member-one-vote).
Weighted voting is used because inequality of voting power between countries is a fundamental design feature intended to reflect inequality of contributions of resources.
However, weighted voting raises the important question of whether the resulting inequality of power over actual decisions is precisely what was intended for the relationship between power and contribution.
On any reasonable definition of voting power as a measure of its ability to influence voting outcomes, there is not an exact correspondence between a member's power and its nominal voting strength. It has long been known (e.g. Shapley and Shubik [29] , Banzhaf [1] ,
Coleman [3] ) that in general, in a body which makes decisions by weighted voting, there is no simple relationship between formal voting power and voting weight 1 . In many weighted voting bodies which have been studied power has been found to be much more unequally distributed than nominal votes so that looking only at the latter can give a false picture.
Members with very large voting weight can possess a disproportionately greater voting power -they have in a sense an extra "invisible weighting" -and other members proportionately less. Similarly it is possible for individual voters to have no power at all despite possessing an apparently significant number of votes 2 .
It is therefore of intrinsic interest to consider the IMF voting system from this point of view, by analysing the distribution of a priori voting power 3 . There are only two studies which have adopted a similar approach to the analysis of power in the IMF to the one employed here: those by Dreyer and Schotter [4] and Strand et.al. [31] . Analysing the current voting system using the game -theoretic technique of voting power indices to find the distribution of power between member countries which results from weighted voting is the first aim of this paper.
At the original Bretton Woods conference during the Second World War, at which the plans for what became the IMF and World Bank were originally agreed, the design of the voting system was an important area of debate in which significant differences emerged between the British and American delegations. The United States was always concerned to retain a national veto for itself over the most important decisions while the British preference was for simple majority voting in all matters. The American proposal was that major decisions would require a special majority of four-fifths of the votes to pass thereby ensuring 2 A well known example of this was Luxembourg in the EEC Council of Ministers before 1973, whose one vote was never able to make any difference given the votes of the other countries. 3 This is fundamentally different from attempting to draw conclusions from analyses of observed voting behaviour. I am concerned here with the formal properties of the voting system and the rules governing the IMF.
that the USA, then with 33 percent of the votes, would be able to block any proposals it did not like. The leader of the British delegation, John Maynard Keynes, criticised this plan and pointed out that, rather than enhancing America's sovereignty, it might actually reduce it because the use of special majorities could also lead to a group of smaller countries being able to block its own proposals. Nevertheless the American view prevailed and special majorities have been a fundamental feature of the IMF constitution ever since. I examine this issue of the choice of majority requirement in detail as the second aim of the paper. The results provide powerful evidence in support of the insights of Keynes 4 . The method used is that of Coleman [3] which emphasises the distinction between the power of a member to initiate action and its power to prevent action when there is a supermajority requirement, particularly appropriate in this case. It also gives a measure of the body's own power to act.
This latter is useful as an indicator of the effectiveness of the voting system as a means of decision making.
The third question addressed is how the voting weights ought to be allocated in order to give rise to a given predetermined power distribution. It is a basic principle of the IMF that a member's voting power should reflect its financial contribution and therefore it is natural to choose the voting weights in such a way that the resulting voting powers of members follow this rule. I propose an iterative algorithm in which voting weights are treated instrumentally and are chosen so that the associated power distribution, as measured by power indices, is predetermined. 4 In effect the requirement of a high special majority has other effects than simply giving an American veto: it makes the distribution of voting power more equal and therefore limits American power within the organisation. It also reduces the number of votes that result in a decision and therefore limits the effectiveness of the voting system as a democratic process.
This paper addresses the following specific questions:
( The analysis is entirely in terms of formal voting power and the formal constitution as laid down in the Articles of Agreement and its amendments; the allocation of voting weight among the members is taken at face value. It is commonplace however to note that the organisation is in practice dominated by the United States and the advanced industrial nations since their combined voting weight gives them a majority over the developing countries. The analysis presented here is not primarily concerned with such questions about the power of informal groupings of countries.
5 5 Although the methodology can obviously and usefully be employed to evaluate and compare the voting power of groupings which did not have an actual majority. For example it would be possible to use this approach to comment on the criticisms made by developing countries that the distribution of voting power has been too heavily weighted towards developed countries. This is a consequence of a fundamental aspect of the design of Despite the importance that member countries attach to the voting system, and to their relative voting strengths within it 6 , in practice actual votes are very rarely called in meetings of the IMF. 7 Indeed they are deliberately avoided, especially in the Executive Board, in order "to avoid the element of confrontation associated with a contested vote"; decisions are taken only after discussion leading to a consensus whenever possible. It might therefore be suggested that an analysis of voting power is beside the point if all decisions are taken by consensus. However, formal voting procedures have a fundamental influence over the de facto decision making process; power relationships are fundamentally determined by relative voting strengths and the fact that member countries or directors are not called on to cast their votes in meetings is a reflection that these are well understood. The distribution of voting power provides a framework within which bargaining takes place between countries before a decision is taken.
Formal Decision Making in the IMF
There are two decision-making bodies: the Board of Governors and the Executive Board 8 . All powers of the IMF are vested in the Board of Governors, which delegates to the Executive Board authority to exercise all except certain specified reserved powers; the the IMF that dominant voting power should be in the hands of creditor nations who provide the resources. Our analysis should be able to illuminate the extent to which this aim is fulfilled in practice or whether the "invisible weighting" of the United States and other large creditors skews the power distribution even further away from the debtor countries. 6 See Zamora [32] ; also Sadako [28] for an account of the campaign mounted by Japan to increase its voting weight. 7 There is an analogy between voting and power distributions among the countries which are members of the IMF and those among shareholders of a commercial joint stock company (the Board of Governors corresponding to the shareholders' meeting). Although it is relatively rare for them to cast their votes in ballots taken at company AGMs, nevertheless large investors are influential with top management because their voting weight is powerful in a formal sense. There is an important structural difference with joint stock companies however in that weighted voting is a central feature of the day-to-day operations of the IMF, in the Executive Directors as well as the Board of Governors, whereas the directors of a commercial company do not use weighted voting.
Executive Board is responsible for the general operations of the IMF. would also require a similar process for the election of directors be followed within each constituency, which cannot be assumed either; or failing that, at least the researcher would need knowledge of how decisions are taken 10 . It is an interesting topic that is not considered here and remains for future work.
The Use of Special Majorities and the views of Keynes
Except as specifically provided for in the Articles, all decisions of both the Board of
Governors and the Executive Board -that is, most of the decisions of the IMF -are made by a simple majority of the votes cast 11 . Certain categories of decision, however, require special 85 percent majorities. These tend to be the most important types of decision where a degree of consensus is needed to make them effective. This supermajority requirement has been set at a level which gives the United States a veto 12 . However it also means that groups of other countries, if they formed a bloc, such as the EU or the developing countries could also have a veto on proposals by the United States. The use of a special supermajority requirement is actually a move towards a unanimity rule and in fact results in substantially greater equality of power, as shown later.
The question of the size of majority required for a decision was a point of disagreement between the British and American founders of the IMF. Keynes was little interested in decision rules based on precise formulae and advocated, in effect, that all decisions be taken by simple majority, in contrast to the Americans who insisted on voting rules which gave them a veto. Keynes addressed the question in his maiden speech to the House of Lords (Keynes, [15] ): ". . . the requirement in the American plan for a four fifths majority will be found, if the paper is read carefully, to relate not to all matters by any means, but only to a few major issues. Whether on second thoughts any one would wish to allow a negative veto to any small group remains to be seen. For example, the American proposals might allow the gold-producing countries to prevent the United States from increasing the gold value of the dollar, even in circumstances where the deluge of gold was obviously becoming excessive; and in some ways, by reason of their greater rigidity, the American proposals would involve a somewhat greater surrender of national sovereignty than do our own." He also wrote (Keynes, [16] ): "I disagree strongly, on non-economic grounds, of the individual country veto-power unless it is granted to all countries regardless of their quotas . .
. . the 80 percent majority rule would limit the power of the US with respect to changes it 11 The rule is in terms of votes cast rather than total votes but this distinction is ignored in this study because of its emphasis on a priori voting power rather than behaviour. 12 It was increased from 80 percent in 1969 to allow the USA to keep its veto while reducing its financial contribution.
may desire in an existing status as much as it would increase its power to stop undesired changes." The results of an analysis of the effect of varying the special majority requirement, presented below, supports this argument.
Voting Weights
Every member of the IMF has a quota expressed in US dollars which is its subscription to the resources of the organisation and also determines its voting weight. The votes allotted to a member are equal to a basic two hundred and fifty plus one vote for each hundred thousand dollars of quota. Thus voting weight varies linearly according to the size of the quota rather than proportionately. This is one important difference with a business corporation where votes are strictly proportional to contributions to equity capital. The existence of the 250 "basic" votes which every member has independently of its quota reflect concerns expressed at the Bretton Woods conference. It was felt that what was then a radical move (in an international organisation) of adopting a system of weighted voting for the Bretton Woods institutions, where the weights reflected economic and financial factors, should be tempered by the political consideration of the traditional equality of states in international law. To have allocated votes in proportion to quotas would have meant too close a similarity with a business corporation and might have given too high a degree of control to a small group of member countries 13 .
Basic votes are not increased when quotas increase and for most countries their voting weight has become almost proportional to their quota as the latter has increased over the years. The proportion of total votes represented by the combined basic votes has accordingly 13 See Gold [11] and [12] . Mexico it has fallen from 21.7% to 0.96% over the same period.
The Measurement of a priori Voting Power
The relationship between a member's weight and power can be examined by the method of power indices based on formally treating the voting body as an n-person cooperative game, specifically here a weighted voting game. Given its general or a priori nature, which abstracts from the particular identities, characteristics or interests of named individuals, this approach is useful in the design of constitutions that embody differences in voting power between members. There are a number of good accounts of power indices but the best recent treatment is Felsenthal and Machover [6] 14 . A power index is based on the idea of power in a weighted voting game as influence over decision making in general, that is without regard for the issue to be determined and therefore the players' preferences.
The power of a member of a voting body (in this case a member country of the IMF)
is defined as its ability to join coalitions of other members formed by voting and change them from losing to winning, or, equivalently, to change them from winning to losing by defecting.
The essential utility of this approach is that it focuses on the theoretically possible outcomes of the voting system, and bases its account of power on them, rather than simply looking at 14 See also Brams [2] , Dubey and Shapley [5] , Lucas [23] , Roth [27] , Straffin [30] and Owen [25] .
the inputs to the voting system, in terms of the numbers of votes possessed by each member, and naïvely assuming that these are reflected in power. It extends our understanding by revealing properties of the voting system 15 .
A voting body can be thought of as a weighted majority game defined by the set of its members, N={1,2,…,n}, their voting weights, w 1 , w 2 , . . ,w n and a decision rule in terms of a quota q 16 . In the present case the weights are proportions so that . 15 Power indices have been the subject of repeated trenchant criticisms by Garrett and Tsebelis [8] and [9] who attacked a study of the EU Council of Ministers by Hosli [13] . They made the extreme claim that "[the method of power indices] generated no analytic leverage over decision making in the contemporary EU". They argued that, because it is concerned with a priori voting power only and ignores preferences, it cannot have anything to say about behaviour. However, their target is really a straw man because power indices do not claim to model behaviour, but to be a tool for the design of institutions. See Lane and Berg [17] for a reply. This point was made very clearly in the seminal contribution by Shapley and Shubik [29] . 16 This is here used as a technical term for the majority requirement and should not be confused with IMF quotas.
In the terminology of game theory 17 , the games considered here are proper, i.e. games in which the complement of any winning coalition is necessarily losing, thus ruling out the possibility of having two contradictory decisions: if S+{i} is winning, then N -S -{i} is losing. For a general weighted voting game this requires q ≥ Σw i /2, and in this case q ≥ 0.5.
In the analysis of the IMF below, two quotas are taken, q=0.5 or q=0.85, both of which satisfy this condition.
A proper game does not necessarily lead to a decision, however, because some coalitions, while not being winning, may be able to prevent a decision. Such a blocking coalition is a losing coalition whose complement is losing: S is a blocking coalition if both S and N-S are losing. A strong game is one without blocking coalitions: the complement of a losing coalition is necessarily winning. A decisive game is then defined as one that is both proper and strong: in this case the complement of a winning coalition is necessarily losing (no nonintersecting pair of coalitions being simultaneously winning) and that of a losing coalition is necessarily winning (no nonintersecting pair of coalitions being both blocking) 18 .
A power index is an n-vector containing a value for each player. Two Banzhaf measures of power are defined:
The Non-normalised Banzhaf index for player i is the proportion of votes which are swings for player i: 17 Dubey and Shapley [5] . 18 Neither of the IMF voting games considered in this paper is decisive. Voting on special decisions requiring q=0.85 is not a decisive game because it is a non-strong game. This point is important when considering Coleman's indices in the next section. Voting on ordinary decisions with q=0.5 may not technically be decisive depending on the weights of the members: it is possible under the rules for there to be two nonintersecting coalitions each with a weight of precisely 0.5.
This measures the absolute power of each player as a probability. It indicates relative voting powers of different players but does not have a direct interpretation as giving a power distribution. For that we use the normalised version, the Banzhaf index.
The Banzhaf index for player i: different results where they have been compared in the same application and the literature has been able to offer little guidance on how to resolve these problems. It is not uncommon for empirical studies to present analyses using both indices without comment. In this study however I justify my preference for the Banzhaf index on the basis of the critique in Coleman [3] and by Leech [20] . The latter, a direct empirical comparison in an application to voting in joint stock companies, found the results using the Shapley-Shubik index to be inconsistent with independent evidence while the Banzhaf index was not 20 .
The normalised Banzhaf index provides a measure of the relative power of each member for a given quota q; it does not permit comparisons between games with different quotas since the denominator, η , changes with q. An analysis of the effect of changing the quota q requires consideration of absolute rather than relative voting power for which a normalised index is not suitable. The Non-normalised Banzhaf index can be used for such an analysis. However, when the decision rule requires a supermajority, with the quota q>0.5, the game ceases to be decisive and blocking power becomes important. It becomes of interest to make a distinction, in terms of measures of absolute voting power, between a member's power to block or prevent a decision, on the one hand, and its power to win or initiate a decision, on the other. This is especially true of the IMF where the veto power of the United
States is so important to decisions requiring q=0.85. I suggest that the indices proposed by
Coleman are useful for this and these are discussed in the next section.
The Power to Act, and the Powers of Members to Initiate and Prevent Action: The Method of Coleman
A subtly different perspective on power measurement (and a fundamental critique of the Shapley-Shubik index) was provided in the classic paper by Coleman [3] . This paper is 20 Felsenthal and Machover [6] look into this question very closely and are also somewhat critical of the Shapley-Shubik index. They make a distinction between I-power and P-power, the former being voting power on issues which are concerned with public goods, power as influence, while the latter is about issues which involve a division of the spoils, as in parties forming electoral coalitions and then dividing up the offices among themselves after winning, as in a presidential system. They argue that the Shapley-Shubik index is inappropriate widely cited but its main points are not taken sufficiently seriously, with many accounts treating it as essentially just another presentation of the Banzhaf index 21 . Many authors refer to the Banzhaf index as the Banzhaf-Coleman index.
In fact Coleman's paper is the foundation of a different approach to the analysis of power based on a rejection of the idea of sharing power among the members of a legislature.
Coleman argues that the distributional consequences of a decision about public goods, taken by voting, are particular and cannot be conceived of in terms of a division of the spoils among members of the winning coalition. A vote usually leads to some action being taken which has a fixed profile of consequences for the members. Pure public goods are indivisible and non-excludable and therefore it is inappropriate to imagine them being divided up in different ways among the members of society.
Coleman argued that when designing the constitution of a voting body it is necessary
to consider not only the power of each individual member, but also that of what he called the collectivity (in our terms, voting game) itself, which he called the power to act. An example that illustrates the importance of this distinction, especially when considering what the quota should be, is as follows. A requirement that all members be unanimous would make it very unlikely indeed that a decision were ever taken -and therefore the voting body would possess very little power to act. On the other hand, a very weak requirement -for example if a decision only required one member to vote for it to pass -would mean that the body would be very powerful in having a very great power to act. In both cases however members would as a measure of I-power and prefer one of the versions of the Banzhaf index. Shapley-Shubik indices for the IMF in 1996 are provided in Leech [19] and, in 1999, in Leech [22] . 21 He did not actually mention the Banzhaf index although his coalitional model was the same.
have the same power relations: all would have the same value of the normalised Banzhaf power index, β i =1/n. This is an important aspect of the design of voting systems; it is necessary to know not only the relative power of each member but also how much absolute power each possesses and also the ease of decision making in general, the power to act, which is a property of the voting body as a whole. In some cases it is important that a constitution make it difficult for a decision to be made, in order, for example, to protect minorities from arbitrary decisions taken by the majority, or to force legislators to reconsider their initial proposals before making a final decision under a system of checks and balances. In other cases there is a need for a responsive system that makes it easy to take a decision, such as where actions have to be taken under the urgent pressure of events 22 .
Coleman defined three indices as follows.
The Power of the Body to Act (PTA) This is defined for the body itself as the ease with which members' interests in a vote can be translated into actual decisions. It is measured as the proportion of all the theoretically possible voting outcomes that give rise to a decision. The index is defined as:
where ω is the number of outcomes that have winning coalitions, and there are 2 n voting outcomes, equal to all the subsets of N. ω depends strongly on the quota q. For example a unanimity requirement (q= 1) would give ω=1 and a value of PTA equal to 2 -n , while a value of q=0.5 would give ω=2 n-1 giving PTA = 0.5. The power to act satisfies the inequalities:
The Power of a Member to Prevent Action (PPA i )
The power of a member to prevent action is a measure of its ability to block a decision by means of a swing. It is the proportion of outcomes with winning coalitions that are also swings for player i, and therefore represents the capacity of i to change a winning vote into a losing one. Thus, the power of member i to prevent action is defined as:
The Power of a Member to Initiate Action (PIA i )
The power of player i to initiate action is defined as the number of swings relative to the total number of voting outcomes that do not have a winning coalition. This index measures the potential of i to swing a coalition from losing to winning. Thus the power to initiate action is defined as:
In general for a proper game, the three absolute indices for player i satisfy:
The distinction between preventing action and initiating action only matters when the decision rule is based on a supermajority quota. q>0.5, and therefore the game is not decisive.
In the case of simple majority voting, when q=0.5, the game is decisive and the two indices are identically equal to each other and to the Non-normalised Banzhaf index. In this case, ω = 2 n-1 and therefore:
In the general case the relations between the Non-normalised Banzhaf index and
Coleman's indices can be written:
and
The Non-normalised Banzhaf index combines the individual player's power either to prevent action or to initiate action with the power of the body as a whole to act 23 Coleman's indices, therefore, add nothing to the analysis in two special cases:
(1) where the voting body uses a simple majority rule with a quota q=0.5; and,
(2) where the study of power is in terms of shares, and it is required that the power indices be normalised to sum to unity. They are, however, a useful tool in other cases. In the study of the voting system used by the IMF they provide valuable insights into the effect of the choice of quota on the power to act and also into the trade-offs faced by the members, particularly 23 It is also of interest to note that the power index β i can be shown to be the harmonic mean of PIA i and PPA i : 1/β ι = (1/PPA i + 1/PIA i )/2 (Dubey and Shapley [5] ).
the USA, between their national powers to prevent or initiate action and the power of the body to act.
The Distribution of Voting Power in the IMF
Banzhaf power indices have been calculated for both voting bodies and for each majority requirement using the weights for 1999 24 . The results for the Executive Board and for the larger countries in the Board of Governors are shown in Table 1 . Direct comparisons are possible for the largest five member countries that appoint their own directors, whose weights in the Executive Board are the same as in the Board of Governors: USA, Japan, Germany, France and UK; they can also be made for the countries whose director is elected by a constituency of one: Saudi Arabia, Russia and China.
25 Table 1 about here These results show, first, that the majority requirement is very important and that the effect of the special 85% supermajority requirement is to equalise voting power to a very great extent. Second, the results for ordinary decisions using the 50% majority rule show that power is more unequally distributed than intended. The United States has more power than its voting weight in both bodies: more than 22 percent in the Executive Directors and 25 percent in the Board of Governors against 17 percent of the voting weight, all other directors or members have slightly less power than weight. Therefore for ordinary decisions the existing 24 Voting weights taken from the IMF Annual Report for 1999. All the indices have been computed using the algorithm in Leech [22] for power indices in large games. 25 The positions of the latter countries in the table are different in the two bodies because the weights in the Executive Board are those cast by directors and those in the Board of Governors those of members; both sides of the table present the results in order of the voting weight of the country. The algorithm used to find the power indices, from Leech [22] , uses a partition of members into two groups, m large and n-m small. In all the calculations in this study, I used m=8.
weighted voting system disproportionately favours the USA. Third, the results for the largest five countries in the two bodies are broadly similar for ordinary decisions.
The Effect of the Majority Requirement on the Power Index
The results in Table1 show that the distribution of power depends strongly on the majority requirement q, being very different for ordinary decisions (q=50%) and decisions requiring special majorities (q=85%). It is therefore of interest from the point of view of design of the voting system to investigate this effect further. We know that increasing q makes the power distribution more equal until in the limit when q = 100% power indices are equal for all members. This analysis may also provide some evidence on the question of the best majority requirement to use from the point of view of members' individual voting powers and the assertion of Keynes quoted above. Banzhaf indices on the vertical axis. These results show that the country most affected by the majority requirement is the USA whose power index declines steeply as q rises. The USA has little more voting power than any other country for q greater than 75%. The counterpart of the US loss of power is a very small increase in the power of every other member country.
The conclusion is that in terms of its share of power within the organisation, as measured by β 1 , the use of the special majority rule does not benefit the United States.
The results of computing the Coleman indices for the different majority requirements in the Board of Governors are presented in Table 2 26 . Table 2 shows the power to act, and three power indices, the non-normalised Banzhaf index, the power to prevent action and the power to initiate action, for the top two countries, the USA and Japan. Table 2 about here
The results in Table 2 for the power to act are graphed in Figure 2 . This shows that the power to act declines very steeply as the majority requirement increases, becoming almost negligible beyond 75%. This suggests the conclusion that the practice of requiring special majorities is to render the IMF formally relatively ineffective as a democratic decision making body. 
An Iterative Procedure for Choosing the Weights to Achieve a Given Distribution of Power
In designing a system of weighted voting, weights ought to be allocated to members in such a way as to bring about the desired distribution of voting power 27 . Power indices enable this to be done numerically by means of an iterative process by which the weights are successively updated, from an initial guess, and the power indices recalculated until they achieve preassigned values. The values required for the power indices are predetermined as a design property of the voting system 28 . 27 There is some discussion of this issue in Nurmi [24] . An iterative procedure similar to the one described here is proposed in Laruelle and Widgren [18] . 28 For example a natural criterion to use in international organisations is the equalisation of voting power among citizens of different countries; this has been used as a basic principle for the reweighting of votes in the European Union Council of Ministers by Felsenthal and Machover [7] . In the current paper, I use the criterion of equalising power to members' shares in total votes, as given in the Appendix to the IMF Annual Report for 1999, although I do not suggest this to be the only possible approach to the governance of the IMF. It is Let it be required that member i should possess a voting power of d i , where
The problem is to find weights that have associated power indices, β i , such that β i = d i , for all i. Denote the required power, the weights and corresponding power indices, as functions of the weights, by the vectors d, w and β(w).
Let the weights after p iterations be denoted by the vector w (p) , and corresponding power indices by the vector of functions β(w
). The iterative procedure consists of an intial guess w (0) and an updating rule:
for some appropriate scalar λ>0. If the procedure converges to a vector, w*, then that will be the desired weight vector, since then: w*=w* + λ(d -β(w*)) and d = β(w*).
Convergence can be defined in terms of a measure of the distance between β(w Table 3 shows the results of applying the iterative procedure described in the last section to the choice of voting weights in the IMF. The iterative procedure (which has also been used in Leech [21] ) was applied here using the algorithm for the Banzhaf index described in Leech [22] ; full convergence was achieved with a simple sum of squares distance function and a stopping rule which required it to be less than 10 -15 . It has been appropriate since in the IMF Annual Reports, each member's voting weight is referred to as its power and therefore it is of interest to investigate what weights would actually give rise to these powers.
The Choice of Weights
applied to both the Board of Governors and the Executive Board for both ordinary decisions and special majorities. As is to be expected, the resulting weights are very different for the two majority requirements. As before the results for the two bodies are broadly similar. 
Conclusions
In I found that, as far as it is possible to make direct comparisons -for the largest five countries which appoint their own directors, and given the bloc votes of the elected directors -the formal distribution of power arising from weighted voting is broadly similar in the two decision making bodies.
On the first question of the extent to which the inequality in voting power is in line with the inequality in the allocation of votes between countries, the main finding is that the USA possesses considerably more power than voting weight in relation to ordinary decisions requiring a simple majority.
The majority requirement was found to have a very strong effect on the distribution of power. The distribution of power in relation to decisions requiring special supermajorities of 85% is relatively equal. While this majority requirement ensures the United States has a veto it also limits that country's power to act within the organisation. I show that there is a clear positive relation between the power to act of the IMF itself and measures of the power of the United States within it, both being maximised for the 50 percent majority requirement. The power to the organisation to act is very sensitive to the majority requirement, falling close to zero for large supermajority requirements.
The fourth question was to find what the weights should be in order to achieve a given desired power distribution. I presented and used a new algorithm for doing this. The results of applying this approach depend crucially on the majority requirement and substantially different voting weights are obtained to give the same power distribution for ordinary and special-majorities decisions.
The general policy implications of this study are, firstly, that the American insistence on setting the special majority requirement so high as to retain its own blocking power is not only damaging to the effectiveness of decision making within the IMF itself but is also counter productive in reducing the influence of the United States as a member, in terms of formal voting power. Secondly, votes should be allocated to individual members instrumentally to achieve the required distribution of voting power. Note: The desired powers of the directors in the Executive Board differ slightly from those published which do not sum precisely to 100. Since it is fundamental to the iterative algorithm that power indices are equated to target values, and sum to 1, care must be taken to ensure that the latter also sum to 1, so that convergence is achieved.
